The hydrolysis of protopanaxadiol-type saponin mixture by various glycoside hydrolases was examined. Among these enzymes, crude preparations of lactase from Aspergillus oryzae, b b-galactosidase from A. oryzae, and cellulase from Trichoderma viride were found to produce ginsenoside , and Rc to ginsenosides Rd, Rg 3 , and F 2 , and compound K by crude preparations of four glycoside hydrolases were also studied. This is the first report on the enzymatic preparation of an intestinal bacterial metabolite, ginsenoside F 2 , in quantity, and a considerable amount of a minor saponin, ginsenoside Rg 3 , from a protopanaxadiol-type saponin mixture.
During our investigations on glycosylation and hydrolysis of ginseng saponins by various glycoside hydrolases, [3] [4] [5] a minor saponin, 20(S)-ginsenoside (G) Rh 1 , was found to be produced in high yields (more than 90%) from major saponins such as G-Re and G-Rg 1 by a crude lactase preparation from Penicillium sp. 6 ) Furthermore, we reported that not only G-Rh 1 but also G-Rg 2 (another minor saponin) and an intestinal bacterial metabolite such as G-F 1 were enzymatically prepared with high efficiency from protopanaxatrioltype (Ppt-type) saponin mixture that was readily obtained from ginseng extract. 7, 8) The present paper describes the enzymatic preparation of G-Rd, G-F 2 , and an intestinal bacterial metabolite, compound K (C-K), in quantities, and of a considerable amount of G-Rg 3 from protopanaxadiol-type (Ppd-type) saponin mixture.
In a preliminary experiment, we screened a variety of commercially crude glycoside hydrolase preparations (such as ten cellulases, a hemicellulase, a b-glucosidase, three hesperidinases, two naringinases, three b-galactosidases, seven lactases, four pectinases, five a-amylases, two maltogenic aamylases, two b-amylases, a glucoamylase, three pullulanases, a dextranase, and an isomaltase) for their activities in the production of minor saponins and intestinal bacterial metabolites from Ppd-type saponin mixture. HPLC profiles showed that crude preparations of cellulase from Trichoderma viride (ONOZUKA R-10) (Enz.C), lactase from Aspergillus oryzae (lactase F) (Enz.LF), and b-galactosidase from A. oryzae (KOHJIN) (Enz.G) gave the most remarkable production of new peaks (tentatively named compounds I, III, IV), respectively, from Ppd-type saponin mixture (Fig. 1) . These new peaks were not formed in the reaction mixture with boiled enzyme preparations. Enz.C completely hydrolyzed both G-Rb 1 and G-Rc, but weakly hydrolyzed GRb 2 in Ppd-type saponin mixture, and gave a marked accumulation of compound I having a retention time similar to that of G-Rd. Enz.LF converted almost all of G-Rb 1 , G-Rb 2 , G-Rc, and G-Rd in Ppd-type saponin mixture into a remarkable amount of compound III being similar in retention time to G-F 2 , together with small amounts of two unknown compounds X 1 and X 2 (peaks X 1 and X 2 ) having shorter retention times than that of compound III. Nearly complete disappearance of G-Rb 1 , G-Rb 2 , G-Rc, and G-Rd in a Ppd-type saponin mixture, large production of compound IV showing a retention time consistent with C-K, minute quantity of compound III having a retention time corresponding to G-F 2 , and small amounts of two unknown compounds X 3 and X 4 (peaks X 3 and X 4 ) showing shorter retention times than that of compound IV were observed in the incubated reaction mixture with Enz.G. Also, the crude preparation of lactase from Penicillium sp. (Enz.L) having a high activity in the production of G-Rh 1 from Ppt-type saponin mixture 8) formed mainly compound I from Ppd-type saponin mixture, together with a considerable amount of compound II having a retention time very similar to that of G-Rg 3 , a significant amount of compound IV showing a retention time consistent with compound K, and a small peak being similar in a retention time to G-F 2 . These compounds I, II, III, and IV were isolated from the incubated reaction mixture on a semipreparative scale by extraction with n-butanol and column chromatography, and identified by spectroscopy (Fig. 2) . Neither of compounds X 1 , X 2 , X 3 , and X 4 could be isolated in sufficient amounts to be identified. In the 13 C-NMR data (Table 1) for these compounds I, III, and IV, all of the carbon signals due to the aglycone moiety appeared at very similar positions to those of G-Rb 1 . Therefore, these compounds were assumed to be prosapogenins of G-Rb 1 . By comparison of the Figure 3 indicates the TLC profiles of the time course (0.5-24 h) in the hydrolysis of G-Rb 1 , G-Rb 2 , and G-Rc by the crude preparations of four enzymes. Enz.C readily hydrolyzed both G-Rb 1 and G-Rc into G-Rd, but very weakly G-Rb 2 into G-Rd, and also had no hydrolytic activity against G-Rd. It was observed that Enz.LF hydrolyzed mainly G-Rb 1 into G-F 2 via G-Rd, but G-Rb 2 and G-Rc into G-F 2 via compound V having a slightly higher Rf value than that of G-Rd in TLC and via compound VI having a slightly higher Rf The reaction mixture containing 25 mg of a Ppd-type saponin mixture in 0.5 ml of methanol, 2.5 ml of 0.2 M sodium acetate buffer, 50 mg of enzyme preparation, and distilled water to make a final volume of 5.0 ml was incubated at 37°C in the dark with gentle stirring. After a 72 h-incubation, each reaction mixture was extracted twice with 10 ml of nbutanol saturated with water, and then centrifuged. The n-butanol layer was washed twice with 4 ml of water, concentrated to dryness in vacuo, and the residue was dissolved in 2.5 ml of methanol. The methanol solution (20 ml) was applied on HPLC. Enzyme preparations and the pH of the buffer used in the reaction mixture were as follows. value than that of compound V in TLC, respectively. It was assumed that Enz.LF also hydrolyzed a small part of G-Rb 1 into G-F 2 via compound IX having a slightly higher Rf value than that of G-Rd in TLC. Enz.G converted G-Rb 1 into C-K successively via G-Rd and G-F 2 , and G-Rb 2 into C-K via compounds V and VII having a slightly higher Rf value that of G-F 2 in TLC. Enz.G was considered to convert G-Rc into C-K by two routes, one via compounds VI and VIII having a slightly higher Rf value than that of compound VII in TLC, and another via G-Rd and G-F 2 . Enz.L hydrolyzed all of GRb 1 , G-Rb 2 and G-Rc into G-Rd as a main product and GRg 3 , and then a small part of G-Rd into C-K via G-F 2 . These results showed that Enz.C and Enz.L had no hydrolytic activity against sophorose molecule linked at the C-3 hydroxyl group of aglycone in four ginsenosides (G-Rb 1 , -Rb 2 , -Rc, and -Rd), and three ginsenosides (G-Rb 1 , -Rb 2 , and -Rc), respectively. On the other hand, Enz.LF and Enz.G had a high hydrolytic activity toward sophorose molecule linked at the C-3 hydroxyl group of aglycone in G-Rb 2 and G-Rc, but not in G-Rb 1 . From these results, the hydrolytic pathways of Ppd-type saponins by crude preparations of four glycoside hydrolases are suggested as follows:
Vol. 55, No. 10 →G-F 2 G-Rb 2 →Compound V→G-F 2 G-Rc→Compound VI→G-F 2 Enz.G: G-Rb 1 →G-Rd→G-F 2 →C-K G-Rb 2 →Compound V→Compound VII→C-K G-Rc→G-Rd→G-F 2 →C-K; G-Rc→Compound VI →Compound VIII→C-K Kohda and Tanaka reported on the hydrolysis of ginseng saponins with crude preparations of several glycoside hydrolases. 9) Emulsin and crude preparations of cellulase and amylase exhibited very low hydrolytic activities, while crude preparations of pectinase, naringinase, and hesperidinase, especially the last one, had high activities. The incubation of a mixture of G-Rb 1 , G-Rb 2 , and G-Rc with a crude hesperidinase from A. niger (Tanabe Seiyaku Co., Ltd., Osaka, Japan) gave C-K in ca. 70% yield. They also reported that the hydrolytic activity must be due to some other enzymes present in crude hesperidinase preparation, as purified hesperidinase did not hydrolyze the saponins. Koizumi et al. reported that G-Rb 2 afforded four prosapogenins such as G-F 2 , C-K, C-O, and C-Y on stepwise hydrolysis with commercial naringinase (Sigma). 10) Recently, several investigators have reported that G-Rb 1 , G-Rb 2 , and G-Rc are metabolized by intestinal bacteria in rats and humans after oral administration and that the main metabolite of Ppd-type saponins is C-K. [11] [12] [13] The metabolic pathways of three ginsenosides by intestinal bacteria are as follows: G-Rb 1 →G-Rd→G-F 2 →C-K; G-Rb 2 →C-O→C-Y→C-K; G-Rc→C-Mc 1 →C-Mc→C-K. This compound (C-K) has inhibited lung metastasis of melanoma cells and in vitro tumor cell invasion and migration at nontoxic or marginally toxic concentrations. 13) In this work, 46 commercially available crude preparations of 15 glycoside hydrolases were screened for hydrolytic activity against Ppd-type saponin mixture. Five a-amylases, two b-amylases, emulsin, and all of three hesperidinases [containing one from A. niger (Tanabe Seiyaku Co.)] tested 
and Rc by Crude Preparations of Four Enzymes
The reaction mixture containing 2 mg of G-Rb 1 (or G-Rb 2 , G-Rc) in 0.25 ml of methanol, 4 mg of enzyme preparation, 1.25 ml of 0.2 M sodium acetate buffer, and distilled water to make a final volume of 2.5 ml was incubated for 0.5, 1.5, 6, and 24 h at 37°C in the dark with gentle stirring. After each of incubation, the reaction mixture was extracted with 0.5 ml of n-butanol saturated with water and centrifuged. An aliquot (5 ml) of the n-butanol layer was applied on TLC. had very low activities. Four cellulases, two naringinases, and three pectinases showed considerable activities. Furthermore, three crude enzyme preparations (Enz.C, LF, and G) were found to have very highly hydrolytic activities, to afford G-Rd, G-F 2 , and C-K, respectively, in large quantities from Ppd-type saponin mixture. Enz.LF accumulated compound V and compound VI in quantities from G-Rb 2 and G-Rc, respectively, in the earlier stage of hydrolytic reaction. Enz.G also accumulated considerable amounts of compound VII and compound VIII from G-Rb 2 and G-Rc, respectively. The isolation and identification of these compounds V, VI, VII, VIII and IX will be presented in a subsequent paper. All of these three enzyme preparations had no hydrolytic activity toward the b-glucosidic linkage attached to the C-20 hydroxyl group of aglycone. On the other hand, Enz.L having a high activity in the production of G-Rh 1 from Ppt-type saponin mixture 8) hydrolyzed all of G-Rb 1 , G-Rb 2 , and G-Rc into G-Rd (main product) and a considerable amount of GRg 3 , that is, Enz.L regioselectively hydrolyzed C-20-O-b-Dglucosidic linkage in G-Rd, to afford a minor saponin, GRg 3 . These results reveal that the enzymatic method is very useful for preparing minor saponins and intestinal bacterial metabolites with selectivity and efficiency from ginseng saponin mixture.
Experimental
Chemical Reagents and Enzymes A Ppd-type saponin mixture containing G-Rb 1 , G-Rb 2 , G-Rc, and G-Rd, and each of these ginsenosides were obtained from standardized ginseng extract containing 13-14% of total saponin (K T & G Central Research Institute) by the reported methods. 14, 15) G-F 2 was prepared from the leaves of the same plant (Panax ginseng C. A. MEYER, Araliaceae) by the reported procedures.
16) G-Rg 3 and G-Rh 2 were prepared by the acid hydrolysis of G-Rb 1 with 50% aqueous acetic acid at 70°C, following the separation of the racemic mixture of 20(R and S)-G-Rg 3 into 20(R)-G-Rg 3 and 20(S)-G-Rg 3 by using acetylation and silica column chromatography, and further treatments of the acetylate of 20(S)-G-Rg 3 with 5% sodium hydroxide in n-butanol at room temperature for 1 h and at 40°C for 2 h, respectively, according to the reported procedures.
17) The structures of these compounds are shown in Fig. 2 . The purity of these compounds was assessed by TLC, HPLC, and 13 C-NMR spectroscopy. Crude preparations of four glycoside hydrolases, i.e., a cellulase from T. viride (ONOZUKA R-10) (Enz.C) (Yakult Honsha Co., Ltd., Tokyo, Japan), a b-galactosidase from A. oryzae (Enz.G) (Kohjin Co., Ltd., Tokyo, Japan), two lactases from A. oryzae (lactase F) (Enz.LF) (Amano Pharmaceutical Co., Ltd., Nagoya, Japan) and Penicillium sp. (Enz.L) (KI Chemical Ind. Co., Ltd., Iwata, Shizuoka, Japan) were kindly supplied.
Analyses TLC: A silica gel G-60 , and water to make a final volume of 50 ml was incubated for 72 h at 37°C. After incubation, two volumes of methanol were added to the reaction mixture, and the mixture was adjusted to pH 6.5, heated for 10 min in a boiling water bath, and centrifuged. The supernatant was concentrated below 37°C in vacuo. The concentrate was extracted several times with n-butanol, and centrifuged. The n-butanol layer was concentrated to dryness in vacuo, and dissolved in a small amount of methanol. The methanol solution obtained from the reaction mixture with Enz.C was chromatographed on a silica gel 60 (230-400 mesh) column (60 g, column fϭ2.5 cm) developed with acetonitrile-water-2-propanol (80 : 5 : 15, v/v/v), and rechromatographed on silica gel 60 column (60 g, column fϭ2.5 cm) with chloroform-methanol-ethyl acetate-water (2 : 2 : 4 : 1, v/v/v/v, lower phase) to afford compound I (176 mg) which was identified as G-Rd from its TLC, HPLC, 1 H-and 13 C-NMR spectra (Table 1) . Each methanol solution from the reaction mixture with Enz.L, LF, or G was respectively applied on the following 1st and 2nd column chromatography: silica gel 60 column with chloroform-methanol 
